The seasonal nutritional value of red (Jania rubens, Laurencia papillosa, Spyridia filamentosa and Dasya rigidula) and brown macroalgae (Padina pavonia and Stypopodium schimperi) was evaluated as a dietary supplement for human and animal nutrition based on proximate and fatty acid profiles. The protein content varied from 0.80% (L. papillosa) to 3.41% (J. rubens) of wet weight with the highest values in winter. The highest lipid levels were recorded in S. schimperi (2.03% in spring, 2.16% in summer), the lowest in S. filamentosa (0.08% in spring). The ash content of J. rubens (46.11-51.63%) was significantly higher than that of the other species (2.28-16.57%). Analysis of the fatty acid composition showed that these seaweed species are very rich in n-3 fatty acids.
DHA
-docosahexaenoic acid, EPA -eicosapentaenoic acid, FA -fatty acid, EFAs -essential fatty acids, FAME -fatty acid methyl ester, FID -flame ionization detector, GC -gas chromatography.
this work was to determine the seasonal variations of proximate and fatty acid profiles of some marine seaweeds from the north-eastern Mediterranean coast.
Material and methods

Sample collection
Sampling was carried out on the north-eastern Mediterranean coast of Turkey in 2008 (Figure 1 ). To determine seasonal variations, samples were collected in spring (April-May), summer (July), autumn (October) and winter (December). The six species selected were sampled in at least two seasons. Four of the species -Jania rubens (Linnaeus) Lamouroux, Laurencia papillosa (Agardh) Greville, Spyridia filamentosa (Wulf.) Harv. and Dasya rigidula (Kütz.) Ardiss. -belong to Rhodophyta (red seaweeds), while the other two -Padina pavonia (Linnaeus) Gaillon and Stypopodium schimperi (Buchinger ex Kütz.) Verlaque et Boudour -belong to Phaeophyta (brown seaweeds).
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Iskenderun I s k e n d e r u n B a y M e d i t e r r e a n e a n S e a Each seaweed sample was washed thoroughly with seawater to remove all unwanted impurities, adhering sand particles and epiphytes. Then, the sample was again washed thoroughly, this time with distilled water, to remove all the salt from the surface. The water was drained off and the seaweed spread on blotting paper to remove excess water. Subsequently, the samples were packaged in polyethylene bags and stored at −86 • C prior to chemical analysis.
Proximate composition
The seaweed samples were analysed in triplicate for their proximate composition. The lipid content was determined by the Bligh & Dyer (1959) method. Approximately 10 g of sample was homogenized with a 1:2 mixture of chloroform and methanol and left in a dark place overnight after adding CaCl 2 . The chloroform layer was removed and then vaporized in an evaporator and finally in an oven at 105 • C for 30 minutes. The lipid content was calculated using the differences between the flask weights. Three replicates were used.
Total crude protein was determined by the Kjeldahl method (protein conversion factor: 6.25) (AOAC 1998a) . Approximately 1 g of seaweed was digested for 2 hours with concentrated sulphuric acid (20 ml) and two Kjeltec catalyst tablets. After digestion, 75 ml of water was added. The distillation was performed using a Kjeldahl Distilling Unit. 25 ml of boric acid was poured into a 250 ml conical flask, which was placed in the distilling unit on the flask platform; the digested materials were then added to the unit. 50 ml 40% sodium hydroxide was added to the digest and the steam valve turned on. The boric acid solution in the flask receiving the distilled ammonia changed colour from red to green. After that, the contents of the flask were titrated against standard hydrochloric acid until the grey colour end point.
The moisture and ash contents of seaweeds were determined by the AOAC (1998b) method. The moisture content was determined by ovendrying of 5 g of seaweed at 105 • C until a constant weight was obtained. The ash content was determined by placing samples in a muffle furnace at 550 • C for 24 h and then weighing the residue.
Fatty acid methyl ester (FAME) analysis
The fatty acid profiles of the fat extracted from the seaweed samples were determined by gas chromatography (GC) of FAMEs. Boron trifluoride/methanol was used to prepare the FAMEs (AOAC 1990) .
The fatty acids were analysed qualitatively and quantitatively using a GC Clarus 500 with autosampler (Perkin Elmer, USA) equipped with a flame ionization detector and a fused silica capillary SGE column (30 m × 0.32 mm ID × 0.25 µm BP20 0.25 UM, USA). The oven temperature was 140 • C, held for 5 min, raised to 200 • C at 4 • C min −1 and held at 220 • C at 1 • C/min; the injector and the detector temperatures were set at 220 • C and 280 • C respectively. The sample size was 1 µl and the carrier gas was controlled at 16 psi. a 1:100 split ratio was used. The fatty acids were identified by comparing the retention times of FAMEs in the samples with a standard 37 component FAME mixture. Two replicate GC analyses were performed and the results were expressed as the GC area (%) for each fatty acid as the mean value ± standard deviation.
Statistical analysis
All the data obtained separately for each sampling season were subjected to analysis of variance (one-way ANOVA) at the 5% confidence level using the Duncan multiple range test.
Results
The seasonal variations in the proximate compositions of seaweeds based on wet weight (w.w.) are shown in Table 1 (the results are also expressed on a dry weight basis (%) in parentheses). The protein content varied among the species from 0.80% w.w. (L. papillosa) to 3.41% w.w. (J. rubens). Protein contents in all the species were generally low in summer. The lipid contents of seaweed species were generally < 2% w.w., with the highest value (2.16% w.w.) being found for the brown alga S. schimperi in summer. The lipid level was the lowest in S. filamentosa (0.08% w.w.) in spring. The ash content of J. rubens was significantly higher (51.63%) than in all the other species. Distinctly low levels of ash from 2.28 to 16.57% were found in the remaining species. The moisture content of seaweeds fluctuated significantly (p < 0.05) across all seasons, except in the case of S. filamentosa and J. rubens. The highest moisture content was obtained from L. papillosa (90.07%) in spring and summer, whereas J. rubens contained the lowest amount of water (37.98-42.78%) in all seasons.
The fatty acid compositions of the species examined are summarized in Table 2 . The fatty acids detected in macroalgae were myristic acid (C14:0), palmitic acid (C16:0), palmitoleic acid (C16:1), stearic acid (C18:0), oleic acid (C18:1 n-9), linoleic acid (C18:2n-6), linolenic acid (C18:3n3), arachidonic acid (C20:4n6), cis-5,8,11,14,17-eicosapentaenoic acid (EPA, C20:5n-3) and cis-4, 7,10,13,16,19-docosahexaenoic acid (DHA, C22:6 n-3). The fatty acid compositions of each species ranged from 28.86-60.43% saturated (SFA), to 12.52-32.94% monounsaturated (MUFAs) and 5.54-41.42% polyunsaturated fatty acids (PUFAs).
Discussion
Although all the species displayed variations in the total lipid content in all the seasons (Table 1) , no significant seasonal variation in lipid content was observed in them, apart from J. rubens and P. pavonia in autumn and S. filamentosa in spring (p < 0.05). The lipid contents of the species, expressed as wet weight, turned out to be very low. The highest lipid content was found in S. schimperi (2.03% in spring, 2.16% in summer). The lowest lipid levels were exhibited by S. filamentosa in spring (0.08%) and by J. rubens in autumn (0.11%). Similar results were reported in previous studies (Polat & Ozogul 2008 , Matanjun et al. 2009 ). Herbreteau et al. (1997) found that total lipid contents of seaweeds were always less than 4%. This generalized evaluation is supported by the findings of Sánchez-Machado et al. (2004) and Shanmugam & Palpandi (2008) . Expressed as dry weight (%), the lipid contents of the six species ranged from 0.19% to 11.58%. The highest dry weight lipid content was recorded in S. schimperi (11.58% in spring, 9.98% in summer), and the lowest in J. rubens (0.19% in autumn, 0.35% in spring).
The protein content of seaweed varieties varies greatly and depends on such factors as season and environmental growth conditions (Mishra et al. 1993 , Fleurence 1999 . In this study, the protein contents of macroalgae changed significantly (p < 0.05) during all the seasons. On a wet weight basis, L. papillosa had the lowest level of protein, whereas J. rubens had a higher protein content throughout the year (apart from summer) ( Table 1) . Similar protein contents for these macroalgae classes were reported in other studies (Fleurence 1999 , Kolb et al. 1999 , Rupérez & Saura-Calixto 2001 , Polat & Ozogul 2008 ). On a dry weight basis, the results showed that J. rubens had the lowest level (2.90%) of protein in summer, whereas D. rigidula contained an appreciable amount of protein (23.50%) in autumn.
All seaweeds contain large amounts of both macro-minerals (Ca, Mg, Na, P and K) and trace elements (Zn, I and Mn) (Matanjun et al. 2009 , Polat & Ozogul 2009 . Seaweeds generally contain 8-40% of minerals, and the essential minerals and trace elements needed for human nutrition are present in seaweeds (Mabeau & Fleurence 1993) . The mineral contents of seaweeds are reported to vary according to such factors as species, geographical origin, seasons, environmental and physiological variations (Mabeau & Fleurence 1993 , Kaehler & Kennish 1996 . In this study, significant seasonal differences in the content of crude ash (from 2.28% for L. papillosa to 51.63% for J. rubens in spring) were found (p < 0.05) in all the species except S. filamentosa. 
Fatty acid profiles
The results of the fatty acid composition analysis showed that macroalgae are very rich in n-3 fatty acids ( Table 2 ). The fatty acid compositions of each species were in the following ranges: saturated (SFA) -28.86-60.43%, monounsaturated (MUFAs) -12.52-32.94% and polyunsaturated fatty acids (PUFAs) -5.54-41.42%. The percentages of SFA in S. schimperi and P. pavonia were found to be lower than in the other species in all the seasons. The highest MUFA content was obtained for D. rigidula in autumn (32.94%), whereas J. rubens had the lowest MUFA level in spring.D. rigidula contained the lowest amount of PUFA (< 9%), while J. rubens contained a high level of PUFA (> 22%) throughout the year.
The highest proportions of fatty acids in macroalgae were calculated for myristic acid (C14:0, 2.49-7.89%), palmitic acid (C16:0, 21.88-45.15%), palmitoleic acid (C16:1, 3.82-15.34%), stearic acid (C18:0, 0.53-5.75%), oleic acid (C18:1 n-9, 4.0-17.38%), linoleic acid (C18:2n-6, 0.93-16.68%), linolenic acid (C18:3n3, 0.14-6.42%), arachidonic acid (C20:4n6, 0.94-9.83%), cis-5,8,11,14,17-eicosapentaenoic acid (EPA, C20:5n-3, 0.99-24.47%) and cis-4, 7,10,13,16,19-docosahexaenoic acid (DHA, C22:6 n-3, 0.15-3.82%). These results are in agreement with previous studies on fatty acid distributions in macroalgae (Polat & Ozogul 2008 DHA were found in all the macroalgae species examined here in all seasons, ranging from 0.15% for S. schimperi in spring to 3.82% for S. filamentosa in summer. It has been reported that the lipid and fatty acid contents are influenced by the type of species, habitat conditions, season, genetic differences and locations (Nelson et al. 2002 , Kostetsky et al. 2004 , Khotimchenko et al. 2005 . In the present study the biochemical contents of the seaweeds varied between species and seasons. Marinho-Soriano et al. (2006) found an inverse correlation between protein levels of seaweeds and water temperature. Similarly, in our results, protein levels were generally higher in winter and spring and lower in summer. Furthermore, Banerjee et al. (2009) reported a significant correlation between environmental parameters and the biochemical composition of seaweeds. They concluded that abiotic parameters such as light intensity, temperature, salinity etc. have a potential role in the biosynthetic pathways of seaweeds. It can be concluded that seasonal changes in environmental conditions have a great effect on the biochemical composition of seaweed species. It can also be concluded that all six species of seaweeds examined in this study have high ash contents, appreciable protein contents, low lipid contents, and relatively high levels of polyunsaturated fatty acids. Knowledge of the biochemical variations that take place in seaweeds during the year provide useful data for culturing conditions and the timing of harvesting for special extracts. Further studies should be conducted with more species in order to determine their biochemical contents and their variations during the year.
